Transdermal therapeutic systems (TTS) have become a popular method of drug delivery because they allow drugs to be delivered in a rate-controlled manner, avoiding first-pass metabolism and the fluctuating plasma concentrations encountered with oral medications. Unfortunately, TTS may provoke adverse skin reactions as irritating contact dermatitis and allergic contact dermatitis: TTS seem to be ideally suited to produce sensitization because they cause occlusion, irritation, due to the repeated placement of the allergen in the same skin location. Since TTS consist of an adhesive, an active pharmaceutical drug and enhancing agents, sensitization may develop owing to one of these three agents. The purpose of this manuscript is to review known responsible allergens of contact dermatitis due to TTS. (www.actabiomedica.it)
Introduction
Transdermal absorption of pharmacological active ingredients has been carefully studied in the last 40 years as the skin, being the most extended and most easily accessible organ of the body, represents an attractive alternative to oral administration. Transdermal administration is of easy execution, compared to the intramuscular or intravenous methods, and it assures a constant absorption of the drug during the day, which is preferibile to the pulsed bioavailability caused by oral adminstration. Moreover, transdermal administration often succeeds in obviating the annoying and badly tolerated gastrointestinal side effects, typical of oral admnistration.
Beginning from the introduction of the first transdermal patch made of scopolamine, in 1979, successively numerous transdermal systems were created using several active principles. Currently, the most used ones are made of scopolamine, estrogens, nitroglycerin and clonidine. The drug, in order to be absorbed through the skin, must possess such properties to cross the corneous layer. The permeation of the active principle through the corneous layer is, in fact, the limiting phase of such modality of administration, since it consists of the processes of partitioning and diffusion through the lipophilic and then hydrophilic phase of the superficial layers of the epidemis, which are opposed to the last passage of diffusion in the capillary net of the derma. A candidate drug for transdermal transport must therefore possess both lipophilic and hydrophilic characteristics, so that the moderated hydrophilicity does not prevent the partition through the lipid-rich corneous layer, and the moderated lipophilicity does not obstacle the diffusion in the lower watery layers of the epidermis and beyond. In order to estimate the partitioning of a compound through the skin, the coefficient of division in octanol/water is used (1) .
The application of transdermal patches is not free from disadvantages. In fact, irritant contact dermatitis (ICD) provoked by the adhesive, the active principle or the excipients may often appear, and also allergic contact dermatitis (ACD), consequent to sensitization to the administered active principles.
Methods
The literature was searched via the Medline/ PubMed database (http://www.ncbi.nlm.gov/pubmed) combining transdermal therapeutic systems and transdermal patches with contact dermatitis and skin reaction.
Allergic contact dermatitis and TTS
ACD is a type IV cell-mediated hypersensitivity reaction that usually presents with lesions that can vary from erythema and papules to vesicles and bullae. ACD to TTS can be caused by all the components of TTS that are an active drug, an adhesive and excipients; moreover, different kinds of TTS are currently available. Among these, the most common are matrix TTS that are characterized by a single-layer adhesive, active drug and other components that get in contact with the skin. Other kinds of TTS are local-action transcutaneous TTS and reservoir TTS: the former is similar to matrix TTS, except for a non-woven polyester backing that supports the active drug; the latter is characterized by a rate-controlling membrane that releases the active drug contained in a depot. Nowadays, ACD to TTS can be considered rare; conversely, irritant reactions are more common. Patients should follow simple recommendations to avoid these latter: TTS should be applied daily by rotating the application site and should be removed carefully; moisturizers and gentle cleansings are recommended, topical corticosteroids should be used only if necessary (2, 3) . Irritant contact dermatitis to TTS may present with skin lesions similar to ACD ones (table 1) . For this reason, patch testing is required in all cases of skin reaction onset after application of TTS.
ACD to TTS

Nitroglycerin
The use of transdermal patches made of nitroglycerin represents a common antianginous treatment. In literature, numerous cases of ACD to transdermal patches made of nitroglycerin are reported (4-8). Kounis et al. (9) have demonstrated that the reactions to such patches are mostly irritative and only minimally allergic. In the suspicion of ACD to patches made of nitroglycerin, it is indispensable to carry out a patch test with the active principle in order to define the type of reaction (9) .
Scopolamine
Scopolamine, also known as hyoscine, is used for the prevention of the symptomatology of motion sickness, generally in the form of transdermal patches to be (13) . These patients, who underwent a patch test with the same transdermal patch, without the active principle, did not show any positivity, suggesting that scopolamine was responsible for the allergic reaction.
Nicotine
Transdermal patches made of nicotine are used as an aid to the interruption of the smoking habit. Although nicotine is a weak sensitizer, when transmitted through transdermal patches, it can provoke ACD (14) (15) (16) (17) (18) .
Testosterone
Transdermal devices made of testosterone are used in clinical practice for the treatment of dysfunctional pathologies, correlated to the deficit of the hormone. Very rarely, also this drug can provoke ACD cases (19) (20) (21) . However, the prevailing cutaneous reactions to such patches turn out to be irritative (17) .
Estradiol
Commonly used for treating the symptoms of menopause, transdermal patches made of estradiol have been reported as a cause of sensitization towards such hormone (22) (23) (24) (25) (26) . Moreover, Lamb and Wilkinson have assumed that the sensitization to topically applied estradiol can represent a risk factor for the development of ACD to corticosteroids (23) . However, patients sensitized to estradiol seem to be able to take the same active principle orally, without the appearance of any cutaneous reactions.
Clonidine
Clonidine, a drug usually taken orally for the treatment of hypertension, can be successfully transmitted through transdermal patches kept in the area for a period of application of 7 days, which is a longer period, compared to the other active principles. Even if clonidine does not seem to possess a high sensitizing capability, probably due to the long period of application, the ACD for such drug is rather frequent (27) (28) (29) . Maibach et al. (30) have pointed out the role of transdermal administration in causing allergic sensitization by comparing a group of 103 patients, who underwent a topical application of clonidine 9% in vaseline, with a group of 92 patients, who underwent the application of transdermal patches with clonidine. The results showed that after 3 weeks 4.3% of patients belonging to the 2nd group turned out sensitized to clonidine, while no case of sensitization was found among the patients in the 1st group.
Rotigotine
Rotigotine is a drug used for the treatment of the first stage of Parkinson's disease. The treatment includes the application of a patch containing 2 mg of the active principle every 24 hours, paying attention to reapply it each time in a different place. Among the most common side effects, there are nausea, sleepiness, dyspepsia and asthenia. Adverse cutaneous reactions are considered rare; however, during the last few years two cases of ACD due to transdermal patches containing rotigotine were reported in literature (31, 32) .
Rivastigmine
Rivastigmine is a cholinesterase inhibitor, used to improve cognitive functions in dementia forms of Parkinson's disease and Alzheimer's disease. Rivastigmine has been commercialized since 2007 also as a transdermal patch, in order to eliminate the gastrointestinal side effects of oral administration (vomiting, nausea and diarrhea). Recently, some cases of adverse reactions to transdermal patches made of rivastigmine were reported (33-35) (Fig. 1) . Moreover, Makriset et al. (35) have studied the usefulness of the desensitizing therapy in a patient with Alzheimer's dementia, who had developed ACD to the rivastigmine contained in the transdermal patch used for the therapy. In this case it was possible to demonstrate how, once an adequate desensitizing therapy was carried out, it was possible to administrate rivastigmine orally once again to patients previously sensitized because of the contact with the same active principle contained in transdermal patches.
Adhesives and excipients
ACD to transdermal patches, besides the active principles and excipients they contain, can also be caused by the adhesive substances that guarantee the adhesion of the support to the skin: rosin, rosin esters and silicone derivatives. In case of ACD to medicated patches, it is important, therefore, to carry out a patch test with a placebo patch, that is, a support identical to that constituting the transdermal system, devoid of the active principle, in order to verify the eligibility of the support in the determination of the reaction (9, 10, 36, 37) .
Among the excipients responsible for ACD to patches, menthol is reported (Fig. 2, 3 ). An active principle contained in mint oil, it is a strongly aromatic, bitter compound, known for its anti-inflammatory, analgesic and vasodilatory effects. In the light of its properties, it is used in transdermal systems in order to facilitate the penetration of the active principle they contain. Menthol is a weak sensitizing agent and only very rarely it provokes ACD. However, cases of allergies due to contact with menthol can likely occur as a consequence of the metabolization of the menthol in mentone, a more powerful sensitizing agent. In literature, cases of ACD provoked by the use of cigarettes, tooth-pastes and scents made of menthol are reported (38) , and also subsequent to the use of patches containing menthol as an excipient (39) .
Conclusion
In conclusion, the majority of skin reactions to TTS are irritant reactions that self-heal once the exposure to the patch is avoided. On the basis of the reports on sensitization to TTS, there is sufficient evidence to confirm that such therapeutic systems can also cause ACD, being an ideal environment to elicit contact allergy. Skin reactions are usually mildly characterized by erythematous-vesicular lesions that heal in a few days, once exposure to patches is avoided, thanks to topical therapy with corticosteroids. Rarely, systemic skin reactions can be observed. Patients should be educated to properly use them and immediately seek evaluation by dermatologists in case of suspected skin reactions. ACD to TTS can be caused by drugs, or excipients and adhesives. Patch tests should be therefore performed with the same TTS, with active principles and with excipients, to perform a correct differential diagnosis versus irritant ICD. Further studies in this area are required as TTS become more widespread among several diseases.
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